Introduction
In the mid-1950's, FRIEDMAN [3] proposed a partogram made up of a series of values of cervical dilatation over a given period of time; thereby the progress of labor could be assessed to be normal or dysfunctional.
Subsequently, in 1970, HENDRICKS [4] developed a quantitative method which described the percentile values of cervical dilatation with advance in labor, after the woman in labor was admitted to the hospital. Th£se approaches are extremely useful for evaluating the progress of labor retrospectively but not for predicting the course of labor. When attempting to predict the course of labor, information about cervical dilatation in the individual must be quantitatively described in a sequential time arrangement.
Assuming that labor is a state-and time-related phenomenon during a period ranging from the onset of labor pain to the expelling of the baby: the initial and terminal points, respectively, the labor process can be considered as a mathematical model suitable for the application of the Markov process [6, 10] .
Thus, from this point of view, we made a study of the progress of labor, with regard to whether or not the course of labor could be predicted.
Material and methods
Included in this study were 625 primiparas who went into spontaneous labor between 37 and 41 weeks of gestation with a single fetus of cephalic presentation. The entire course of labor in these cases was recorded in detail on FRIEDMAN'S partogram from before 4 cm cervical dilatation until delivery. When applying the Markov process, the sequence of labor progress was divided into eight categories: every 1 cm of cervical dilatation from 4 cm to 10 cm and delivery of the baby per 30 minute time unit. Using data obtained from all the cases, after converting information on the partogram per individual into such a form as applicable to the Markov process designed above, the transition matrix with 8 by 8 state-categories both in columns and rows was calculated, in which the value in each element was indicative of the percent of probability of progression in labor from one given state to another over a 30-minute period. These data were analyzed by micro-computer system (NEC 9801vm2), using BASIC computer language. Table I shows the initial transition matrix (top) thus obtained, indicating any paired combination among the 8 by 8 categories. For example, the probability that a case will move from 4cm at present to 5cm 30 minutes later is 21.8%. The probability that it will move from 4 cm to 6 cm within 30 minutes is 7.8%. This matrix was then multiplied by an identical one in order to produce the new transition matrix at 30 minute intervals. For instance, the matrices obtained after multiplying the initial matrix three and 14 times provides the transition matrices, respectively 90 minutes and 7 hours later, as shown in table I (middle and bottom). Thus, interpolating the values of transition probability between any two consecutive state-categories, a specially-devised graph was obtained (figure 1). In this graph, the relation between a given state and a given time is quantitatively described as a general rule of labor progress in the human, thereby available for predicting individual prognosis of labor. For example, a case who is at 4 cm cervical dilatation at present has a 95% confidence rate of reaching 5 cm and 7 cm, at latest within 4 and 5 hours, respectively, as shown in figure 1. 
Results

Discussion
The labor process is a multifactorial phenomenon including unknown factors for making an analytical interpretation. In line with this, FRIEDMAN [3] first did successful work in terms of a partogram which is descriptive and feasible in clinical practice for a better comprehensive understanding of human labor progress; since, according to this method, a sequence of cervical dilatation is only required to be obtained on the elapsed time. Be- cause of an uncertain determination of the exact time of labor onset, there still remains the problem that neither normal nor dysfunctional courses of labor can be quantitatively evaluated. In contrast, HENDRICKS [4] set the starting point of observation at the time of the patient's admission to the hospital, thereby enabling us to describe the labor quantitatively. Thereafter, many authors [2, 8, 9] studied these partograms extensively in relation to the underlying factors affecting the labor progress.
There is little known with respect to prediction of labor progress [1, 5, 7 ]. This appears to be derived from the fact that neither FRIEDMAN'S nor HEN-DRICKS'S partograms can be expressed in such a way that information on one given state is connected to another. In other words, to make a predictive assessment of labor progress, it would be necessary to quantitatively link the state, e. g. magnitude of cervical dilatation, from the past through the present to the future.
For this purpose, we attempted to apply the Markov process to see if it would be useful in determining the actual labor progress. As stated by TRACEY [10] , the Markov process is based on the transition matrix with a probability structure. This matrix gives the probabilities by which one set of events or states, as presented here, is followed by another set of events. Thus, the transition matrix is a mathematical means of summarizing the sequence of events and also is a means of summarizing processes over time. Thus, using a transition matrix appropriately calculated, the Markov process comes to be a tool for predicting future states, according to the procedures of multiplication of the initial transition matrix by itself, to obtain values, for example, at 90 minutes and 7 hours. In this regard, the transition matrix obtained here was found to be of good predictive value for the actual course of labor, when attempting to check new cases (data not shown). These results when obtained under more definite conditions of random sampling will be further extended to quantitatively differentiate dysfunctional labor from the normal course of labor. 
Abstract
To quantitatively predict the progress of labor, we devised a mathematical model suitable for the Markov process. Included were 625 primiparas who went into spontaneous labor between 37 and 41 weeks of gestation with a cephalic presentation. When applying the Markov process, the sequence of labor was divided into eight categories from 4cm cervical dilatation to delivery of the baby. Based on all data collected, a transition matrix was calculated, using a microcomputer system, in which the value in each element showed the percent of probability of progression in labor from one given state to another over a 30-minute period. This matrix was found to be available for evaluating the course of labor in clinical practise with a good predictive value and therefore the Markov process could be confirmed to be actually applicable as an analytical model. 
